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(57) A tunable laser source apparatus includes an 
external cavity. The external cavity includes a semicon- 
ductor laser (11) and a diffraction section (2). At least 
one laser output end facet (11b) of the semiconductor 
laser (11) is covered with an AR coating. The diffraction 
section (2) includes a first reflector (22) and a diffraction 
grating (21), and has wavelength selectivity with which 
light emerging from the end facet (11b) of the semicon- 
ductor laser (1 1 ) which is covered with the AR coating is 
received, and light having a predetermined wavelength 
is selected and reflected toward the semiconductor 



(11). The semiconductor laser (11) further 
includes an angle detection section (4) and a control 
section (5). The angle detection section (4) detects the 
angle defined by the optical path of the light emerging 
from the semiconductor laser (11) and the optical path 
of the diffracted light reflected by the diffraction section. 
The control section (5) controls at least the cavity length 
of the external cavity or the selected wavelength of the 
diffraction section (2) to set the angle detected by the 
angle detection section (4) to zero. 
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Description 

[0001 ] The present invention relates to a laser source 
apparatus capable of continuously changing the oscilla- 
tion wavelength, which is used in the fields of optical s 
communications and precision measurement and, more 
particularly, to a tunable laser source apparatus which 
can continuously sweep the oscillation wavelength in a 
wideband by using an optical amplification element, 
e.g., a semiconductor laser (to be referred to as an LD 
hereinafter), in a wide wavelength range. 
[0002] Recently, in the fields of optical communica- 
tions and precision measurement, the application field 
of a heterodyne method, in which the frequency differ- 
ence between two beams is measured in accordance 
with an electrical signal received upon superposing of 
the two beams, has been expanding. 
[0003] In general, the frequency difference between 
beams that can be detected by a photodetector is elec- 
trically limited. In practice, the upper limit of this fre- 
quency difference is about 10 GHz. 
[0004] If, therefore, one of two beams is used as a tar- 
get beam to be measured, and the other is used as a 
reference beam, the frequency of the target beam must 
be tuned into a frequency within about 10 GHz. 
[0005] When the high-order sideband spectrum of the 
target beam modulated with several GHz is to be meas- 
ured, and the frequency and shape of an absorption line 
of atoms, molecules, and the like are to be observed, a 
laser source apparatus capable of continuously sweep- 
ing the oscillation wavelength near a desired wave- 
length is required. 

[0006] As such a laser source apparatus, a tunable 
laser source apparatus called an external cavity laser is 
popular, in which light emerging from an optical amplifi- 
cation element having a wide gain band, e.g., a laser 
diode (LD), is fed back as light in a desired wavelength 
range through a wavelength selection element such as 
a diffraction grating disposed outside the optical amplifi- 
cation element, thereby causing laser oscillation within 
the wavelength range. 

[0007] In such tunable laser source apparatuses, a 
wavelength selection element that is used most widely 
is a diffraction grating. 

[0008] In this case, the wavelength to be selected is 
changed by changing the angle of the diffraction grating 
with respect to the incidence direction of light. 
[0009] FIG. 9A shows the arrangement of a typical 
external cavity laser using a diffraction grating. 
[001 0] FIGS. 9B, 9C, 9D, and 9E show the principle of 
oscillation wavelength determination in the external cav- 
ity laser shown in FIG. 9A. 

[001 1 ] As shown in FIG. 9 A, this external cavity laser 
is comprised of an LD 1 1 having one end facet 1 1b cov- 
ered with an AR (Anti-Reflection) coating, lenses 13a 
and 13b, and a diffraction grating 21 disposed on the 
end facet 11b side. 

[0012] The diffraction grating 21 can be rotated and 



translated. The diffraction grating 21 and the other end 
facet (without any AR coating) 1 1a of the LD 1 1 consti- 
tute an external cavity. 

[0013] The arrangement of the diffraction grating in 
which the wavelength of light received from the LD and 
directly diffracted toward the LD by the diffraction grat- 
ing is used as a selected wavelength is called a Littrow 
mounting. 

[001 4] The oscillation wavelength of an external cavity 
laser including a wavelength selection element is deter- 
mined by two factors regardless of whether such a Lit- 
trow mounting is used. 

[001 5] The first factor is the wavelength that satisfies 
a resonance condition determined by the optical length 
of the overall cavity that causes laser oscillation. 
[0016] In the optical cavity shown in FIG. 9B, let L be 
the optical length (to be referred to as the cavity length 
hereinafter) of the overall cavity, v be the frequency of 
input light, P0 be the power of input light, and P1 be the 
power of output light. 

[001 7] As is known, if the speed of light is represented 
by c, the free spectral range (to be referred to as the 
FSR hereinafter) is expressed as FSR = c/2L . 
[0018] As shown in FIG. 9C, each FSR includes a plu- 
rality of resonance frequencies at which the transmrt- 
tance (output power P1/input power P0) becomes 
maximum. 

[001 9] When a given resonance frequency is n times 
the FSR, this frequency is called the nth-order mode. 
[0020] Let a wavelength corresponding to a reso- 
nance frequency be called a resonance wavelength. 
[0021] Another factor that determines the oscillation 
wavelength of the external cavity laser is the gain distri- 
bution that is band-limited by the diffraction grating 
shown in FIG. 9D or a wavelength selection element in 
general. 

[0022] When an optical amplification element having 
a gain in a wide band, such as an LD, is used, the gain 
in the selected wavelength range of the diffraction grat- 
ing can be regarded as constant. For this reason, the 
band-limited gain distribution can be regarded as identi- 
cal to the selected wavelength spectrum of the diffrac- 
tion grating. 

[0023] A peak wavelength of a selected wavelength 
spectrum will therefore be simply referred to as a 
selected wavelength hereinafter. 
[0024] As shown in FIG. 9E, therefore, the external 
cavity laser starts oscillation in one of the above modes 
which is positioned at the frequency at which the high- 
est gain can be obtained. 

[0025] In this case, in general, the selected wave- 
length does not coincide with the oscillation wavelength. 
[0026] Consider sweeps of the oscillation wavelength. 
[0027] FIGS. 10A to 10E show a change in oscillation 
wavelength in a state wherein the oscillation wavelength 
differs in change rate from the selected wavelength. 
[0028] As the cavity length L and an input angle 6 of 
light on the diffraction grating decrease, as schemati- 



cs 



20 



25 



30 



35 



40 



45 



50 



2 



3 



EP0 951 112 A2 



4 



cally shown in FIG. 10E, the resonance wavelength and 
the selected wavelength shift to the short wavelength 
side, as shown in FIGS. 10A, 10B, 10C, and 10D. 
[0029] When the resonance wavelength in the current 
oscillation mode differs from the selected wavelength by 
about 1/2 the FSR at this time, the oscillation wave- 
length shifts from the current oscillation mode to an 
adjacent mode to make a shift from the state in FIG. 
10C to the state in FIG. 10D. As a result, the oscillation 
wavelength discontinuously changes. 
[0030] This phenomenon is called a mode hop or 
mode jump. 

[0031] To continuously change the oscillation wave- 
length throughout a wide band, a mode hop must be 
prevented by synchronously changing the resonance 
wavelength at which oscillation is being caused and the 
selected wavelength, i.e., simultaneously changing 
them while appropriately maintaining the relationship 
between the cavity length and the angle of the diffrac- 
tion grating in the external cavity laser based on the Lit- 
trow mounting. 

[0032] Conventional countermeasures against a 
mode hop have been based on two concepts. 
[0033] A technique based on one concept aims at 
realizing a mechanism of capable of simultaneously 
changing the resonance wavelength and the selected 
wavelength while maintaining their relationship with one 
controlled variable to prevent a mode hop. 
[0034] According to this mechanism, if the rotation 
center of the diffraction grating is set at a proper posi- 
tion, changes in the angle of the diffraction grating and 
cavity length can be kept at a predetermined ratio by 
only changing the rotational angle of the diffraction grat- 
ing. 

[0035] A technique based on the other concept aims 
at increasing the degree of freedom in control on the 
resonance wavelength and selected wavelength with a 
plurality of controlled variables. 
[0036] According to the simplest example of this tech- 
nique, the angle of the diffraction grating and the reso- 
nance wavelength, i.e., the cavity length, are 
independently changed on the basis of a combination of 
controlled variables obtained in advance in accordance 
with the oscillation wavelength. 
[0037] In general, in an external cavity laser based on 
the above technique using one controlled variable, a 
laser medium, a lens, and the like are arranged, and 
they have wavelength dispersion characteristics, so the 
continuous wavelength sweep range is limited with the 
use of only the simple mechanism of keeping changes 
in the angle of the diffraction grating and cavity length at 
a predetermined ratio. 

[0038] According to the technique using a plurality of 
controlled variables, although the continuous wave- 
length sweep range is not limited by the wavelength dis- 
persion characteristics of elements in the external cavity 
laser, it is not easy to sweep the oscillation wavelength 
in a wide band while matching the oscillation wave- 



length with the selected wavelength with high precision 
by only setting the cavity length and the angle of the dif- 
fraction grating to values obtained in advance in accord- 
ance with the oscillation wavelength. 
5 [0039] In addition, in the technique using a plurality of 
controlled variables, appropriate combinations of 
angles and cavity lengths as controlled variables must 
be obtained in advance by experiment and stored as 
parameters. 

w [0040] In each of the mode hop prevention techniques 
described above, although the oscillation wavelength 
can be continuously swept in a specific wavelength 
range, it is difficult to perform a continuous wavelength 
sweep throughout the entire oscillation band of the LD. 

15 In some cases, multi-mode oscillation occurs or no 
oscillation can be caused at a specific wavelength. 
[0041] The technique using a plurality of controlled 
variables, in particular, performs wavelength sweeps, 
continuously relying on the mechanical precision at the 

20 initial adjustment and the parameters determined by 
experiment, and hence is susceptible to external distur- 
bances, e.g., changes in cavity length and the like due 
to changes in ambient temperature. 
[0042] In addition, each of the mode hop prevention 

25 techniques described above is susceptible to slight 
plastic deformation of components due to a shock and 
the like and changes over time. 
[0043] Furthermore, in an adjustment stage for a con- 
ventional external cavity laser, wavelengths at which 

30 mode hops occur are checked while a movable portion 
supporting a diffraction grating or the like is moved to 
change the oscillation wavelength near a desired wave- 
length, and the laser is adjusted to increase the interval 
of the checked wavelengths, i.e., the continuous sweep 

35 range. 

[0044] In this case, since there is no observation var- 
iable that indicates a direction of adjustment, a search 
for the maximum point of a continuous sweep range is 
performed by a trial-and- error method. This hinders an 

40 increase in productivity. 

[0045] The present invention has been made in con- 
sideration of the above situation, and has as its first 
object to provide a tunable laser source apparatus 
which includes an effective means for detecting the dif- 

45 ference between the oscillation wavelength and the 
selected wavelength, which causes a mode hop, 
together with a sign, and can make systematic adjust- 
ment for the prevention of a mode hop independently of 
a trial-and-error method. 

so [0046] It is the second object of the present invention 
to provide a tunable laser source apparatus which can 
prevent a mode hop, continuously sweep the oscillation 
wavelength near a desired wavelength in the entire 
oscillation band of an optical amplification element, and 

55 has a long-term stability without adjustment. 

[0047] In order to achieve the above objects, accord- 
ing to an aspect of the present invention, there is pro- 
vided a tunable laser source apparatus comprising: 
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a semiconductor laser for oscillating laser light; 
diffraction means for diffracting the laser light oscil- 
lated by the semiconductor laser and feeding back 
laser light, of the diffracted laser light, which has a 
predetermined wavelength to the semiconductor s 
laser; and 

angle detection means for receiving part of the 
laser light fed back to the semiconductor laser and 
detecting an angle defined by an optical path of the 
laser light fed back to the semiconductor laser and io 
an optical path of the laser light oscillated by the 
semiconductor laser. 

[0048] In addition, in order to achieve the above 
objects, according to another aspect of the present is 
invention, there is provided a tunable laser source appa- 
ratus including an external cavity having a semiconduc- 
tor laser having at least one laser output end facet 
covered with an AR coating and diffraction means 
including a first reflector and a diffraction grating and 20 
having wavelength selectivity with which light emerging 
from the end facet of the semiconductor laser which is 
covered with the AR coating is received and light having 
a predetermined wavelength is selected and reflected 
toward the semiconductor laser, comprising: 25 

angle detection means for detecting an angle 
defined by an optical path of the light emitted by the 
semiconductor laser and an optical path of the dif- 
fracted light reflected by the diffraction means; and 30 
a control section for controlling at least one of a cav- 
ity length of the external cavity and a wavelength 
selected by the diffraction means so as to set the 
angle detected by the angle detection means to 
zero 35 

[0049] This summary of the invention does not neces- 
sarily describe all necessary features so that the inven- 
tion may also be a sub-combination of these described 
features. 40 
[0050] The invention can be more fully under stood 
from the following detailed description when taken in 
conjunction with the accompanying drawings, in which: 

FIG. 1 is a block diagram showing a tunable laser 45 
source apparatus according to the first embodiment 
of the present invention; 

FIG. 2 is a block diagram showing a tunable laser 
source apparatus according to the second embodi- 
ment of the present invention; so 
FIGS. 3 A to 3F are views for explaining the relation- 
ship between the oscillation wavelength and the dif- 
fraction direction of a diffraction grating, in which 
FIGS. 3A and 3E show a case wherein the oscilla- 
tion wavelength and the selected wavelength coin- 55 
cide with each other, FIGS. 3B and 3F show a case 
wherein the oscillation wavelength is shorter than 
the selected wavelength, and FIGS. 3C and 3D 



show a case wherein the oscillation wavelength is 
longer than the selected wavelength; 
FIGS. 4A to 4D are views for explaining the opera- 
tion of an angle detection section in FIG. 2, in which 
FIG. 4A is a view showing the arrangement of the 
angle detection section, FIG. 4B is a view showing 
the positional relationship between photod electors 
and beams, and FIGS. 4C and 4D are graphs for 
explaining detection signals and the positional rela- 
tionship between the photodetectors and the 
beams; 

FIGS. 5A to 5D are views for explaining the discrim- 
ination sensitivity of an error signal from the angle 
detection section, in which FIG. 5A is a graph show- 
ing the relationship between the normalized dis- 
crimination signal and the irradiation point 
displacement, FIG. 5B is a graph showing the rela- 
tionship between the normalized intensity and the 
distance, and FIGS. 5C and 5D are views respec- 
tively showing examples of the shape of the light- 
receiving areas of a bisection photodetector with 
and without a space between the light-receiving 
areas; 

FIG. 6 is a block diagram showing another arrange- 
ment of an angle detection section according to the 
present invention; 

FIG. 7 is a block diagram showing a tunable laser 
source apparatus according to the third embodi- 
ment of the present invention; 
FIG. 8 is a block diagram showing a tunable laser 
source apparatus according to the fourth embodi- 
ment of the present invention; 
FIGS. 9A to 9E are views for explaining the princi- 
ple of oscillation wavelength determination in a con- 
ventional external cavity laser using a diffraction 
grating, in which FIG. 9A is a view showing the 
arrangement of the external cavity laser using the 
diffraction grating, FIG. 9B is a view showing an 
optical cavity, FIG. 9C is a graph showing the trans- 
mittance, FIG. 9D is a graph showing the relation- 
ship between the wavelength and the gain, and 
FIG. 9E is a graph showing the oscillation wave- 
length, selected wavelength, and resonance wave- 
length; and 

FIGS. 1 0A to 10E are views for explaining a change 
in oscillation wavelength in a state wherein the 
oscillation wavelength differs in change rate from 
the selected wavelength in the prior art, in which 
FIGS. 10A to 10D are graphs showing the relation- 
ship between the oscillation wavelength, selected 
wavelength, and resonance wavelength in each 
stage in which a cavity length L and an input angle 
8 sequentially change, and FIG. 10E is a schematic 
view showing the relationship between the cavity 
length L and the input angle 0. 

[0051] Reference will now be made in detail to the 
presently preferred embodiments of the invention as 
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illustrated in the accompanying drawings, in which like 
reference characters designate like or corresponding 
parts throughout the several drawings. 
[0052] An outline of the present invention will be 
described first. 5 
[0053] The above drawbacks in the prior art are 
mainly caused by the following two factors. 
[0054] The first factor is that there has been no effec- 
tive technique of detecting an observation indicating the 
difference between the oscillation wavelength and the io 
selected wavelength, which causes a mod hop. 
[0055] Derived from the first factor, the second factor 
is that each conventional mode hop prevention tech- 
nique is a technique of performing control based on 
controlled variables obtained in advance in accordance 15 
with the oscillation wavelength. From another viewpoint, 
each conventional technique must be based on the con- 
cept of so-called open loop control. That is, control is 
entirely based on the initial settings. 
[0056] According to the first aspect of the present 20 
invention, the apparatus uses a technique of detecting a 
change in the angle of the optical path of light fed back 
from the diffraction grating to the LD as an observation 
variable including information about the difference 
between the oscillation wavelength and the selected 25 
wavelength. 

[0057] More specifically, the tunable laser source 
apparatus according to the first aspect of the present 
invention includes a semiconductor laser for oscillating 
laser light, a diffraction means for diffracting the laser 30 
light and feeding back laser light, of the diffracted laser 
light, which has a predetermined wavelength to the 
semiconductor laser, and an angle detection means for 
receiving part of the laser light fed back to the semicon- 
ductor laser and detecting the angle defined by the opti- 35 
cat path of the laser light fed back to the semiconductor 
laser and the optical path of the laser light oscillated by 
the semiconductor laser. 

[0058] According to the second aspect of the present 
invention, closed loop control for determining a control- 40 
led variable to be fed back based on the above observa- 
tion variable is used. 

[0059] More specifically, there is provided a tunable 
laser source apparatus including an external cavity hav- 
ing a semiconductor laser having at least one end facet 45 
(, from which laser light is emitted,) covered with an AR 
coating and a diffraction means including a first reflector 
and a diffraction grating and having wavelength selectiv- 
ity with which light emerging from the end facet of the 
semiconductor laser which is covered with the AR coat- so 
ing is received and light having a predetermined wave- 
length is selected and reflected toward the 
semiconductor laser, comprising an angle detection 
means for detecting an angle defined by an optical path 
of the light emitted by the semiconductor laser and an 55 
optical path of the diffracted light reflected by the diffrac- 
tion means, and a control section for controlling at least 
one of a cavity length of the external cavity and a wave- 



length selected by the diffraction means so as to set the 
angle detected by the angle detection means to zero. 
[0060] In general, closed loop control has been widely 
used as the most standard engineering means but has 
not been used for the prevention of a mode hop for the 
following reasons. First, no appropriate observation var- 
iable with sufficient discrimination sensitivity has been 
found. Second, there has been opposition, based on a 
preconceived notion, against insertion of a demulti- 
plexer and the like in a resonator for the purpose of 
obtaining such an observation variable. 
[0061] The former problem can be easily solved by 
detecting a change in the angle of light fed back from 
the diffraction grating as described later. 
[0062] With regard to the latter problem, owing to the 
recent advances in the characteristics of LDs, many 
laser source apparatuses can satisfactorily oscillate by 
increasing the injection currents even with a loss of 90% 
(10 dB) or more in one way in the cavity. Hence, no tech- 
nical problem is posed. 

[0063] The influence of the difference between the 
oscillation wavelength and the selected wavelength on 
the diffraction direction and a control technique will be 
described below by taking an external cavity laser 
based on the Littrow mounting as an example. 
[0064] FIGS. 3A to 3F are schematic views showing 
an external cavity laser based on the Littrow mounting 
and the diffraction direction of light having the oscillation 
wavelength. 

[0065] Assume that an oscillation wavelength X0 and 
a selected wavelength kg coincide with each other in 
the state shown in FIG. 3 A, and this state is the initial 
state. 

[0066] As shown in FIG. 3 A, if the angle of the optical 
axis traveling from the LD to the diffraction grating, 
which is measured upward, is represented by <p, the dif- 
fracted light in this state travels in the direction 
expressed by <p = 0. 

[0067] FIG. 3B shows a case wherein only the cavity 
length decreases while the angle of the diffraction grat- 
ing does not change from that in the initial state. 
[0068] In this case, an oscillation wavelength X.1 
becomes A.1 < Xg in accordance with the cavity length. 
[0069] Since the angle of the diffraction grating 
remains the same, the diffracted light travels in the 
direction expressed by (p > 0. 
[0070] Assume that each angle of diffracted light in 
this specification means an angle within a projection 
plane on the drawing area, and any argument in a direc- 
tion perpendicular to the drawing area can be 
neglected. 

[0071 ] Changes in angle are illustrated in an exagger- 
ated form in FIGS. 3A to 3F. In practice, however, slight 
changes in angle are targeted. As shown in FIGS. 3D to 
3F, most of diffracted light is fed back to the LD to main- 
tain laser oscillation. 

[0072] In contrast to the case in FIG. 3B, when only 
the cavity length increases, an oscillation wavelength X2 
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becomes 12 > Xg. As shown in FIG. 3C, the diffracted 
light travels in the direction expressed by <p < 0. 
[0073] At this time, therefore, the angle ip of the light 
traveling from the diffraction grating to the LD is almost 
proportional to a difference Xg - X between the selected s 
wavelength Xg and the oscillation wavelength X. 
[0074] Assume that the cavity length is to be adjusted 
while the angle of the diffraction grating is fixed. In this 
case, if adjustment is performed such that the cavity 
length is increased in the presence of an upward angle, 
and is decreased in the presence of a downward angle, 
the selected wavelength and the oscillation wavelength 
can be systematically and easily made to coincide with 
each other. 

[0075] If such adjustment is performed by an auto- 
matic control means in the same manner as described 
above, closed loop control can be realized. 
[0076] When adjustment or control is performed to 
make the oscillation wavelength coincide with the 
selected wavelength in this manner, a mode hop can be 
prevented. 

[0077] - The embodiments of the present invention 
based on the above outline will be described in detail 
next with reference to the views of the accompanying 
drawing. 

(First and Second Embodiments) 

[0078] FIG. 1 is a block diagram showing a tunable 
laser source apparatus according to the first embodi- 
ment of the present invention which corresponds to the 
first aspect described above. 

[0079] FIG. 2 is a block diagram showing a tunable 
laser source apparatus according to the second embod- 
iment of the present invention which corresponds to the 
second aspect described above. 
[0080] Since the embodiments according to the first 
and second aspects of the present invention described 
above are the same except for execution/inexecution of 
closed loop feedback control from an angle detection 
section 4 (to be described later), the overall embodi- 
ment according to the second aspect will be mainly 
described below with reference to FIG. 2. 
[0081] As shown in FIG. 2, a diffraction section 2 
including a diffraction grating 21 and a first reflector 22, 
an optical amplification section 1 , and a second reflector 
3 constitute an external cavity laser. 
[0082] The optical amplification section 1 is comprised 
of an LD 1 1 , a current source 12 for driving the LD 1 1 , 
and lenses 13a and 13b. In this case, input/output end 
facets 11a and 11b of the LD 11 are covered with AR 
coatings. 

[0083] According to a Littrow mounting, the diffraction 
grating 21 also serves as the first reflector 22. 
[0084] The diffraction section 2 includes a selected 
wavelength changing section 23 for rotating the diffrac- 
tion grating 21 or the first reflector 22 in response to a 
control signal received from the control section 5, and a 



cavity length changing section 24 for translating the dif- 
fraction grating 21 and the first reflector 22. 
[0085] The above arrangement is the same as that of 
a conventional tunable laser source apparatus. 
[0086] In addition to the above arrangement, the 
present invention includes the angle detection section 4 
for outputting an angle detection signal by detecting the 
angle defined by the optical path of light traveling from 
the diffraction grating 21 to the LD 1 1 and the optical 
path of light traveling from the LD 1 1 to the diffraction 
grating 21. 

[0087] The angle detection signal detected by the 
angle detection section 4 is input, as an error signal for 
closed loop feedback control, to a control section 5. 
[0088] The control section 5 outputs a predetermined 
control signal to the current source 12, the selected 
wavelength changing section 23, and the cavity length 
changing section 24 on the basis of an externally input 
wavelength setting signal as in the prior art, and also 
outputs a feedback control signal corresponding to at 
least one of these control objects upon adding it to the 
predetermined control signal on the basis of the error 
signal detected by the angle detection section 4. 
[0089] In this case, the angle detection section 4 is 
comprised of a beam splitter 41, photodetectors 42a 
and 42b, and an arithmetic unit 43. 
[0090] Of these components, the beam splitter 41 
splits part of light traveling from the diffraction section 2 
to the optical amplification section 1 and makes the 
extracted light strike the photodetectors 42a and 42b. 
[0091] These photodetectors 42a and 42b are 
arranged to respectively receive halves of light split by 
the beam splitter 41 when the angle defined by the opti- 
cal path of light traveling from the diffraction grating 21 
to the LD 1 1 and the optical path of light traveling from 
the LD 1 1 to the diffraction grating 21 is 0°. 
[0092] The arithmetic unit 43 outputs an angle detec- 
tion signal in an amount corresponding to the angle 
defined by the optical path of light traveling from the 
optical amplification section 1 to the diffraction section 2 
and the optical path of light traveling from the diffraction 
section 2 to the optical amplification section 1 on the 
basis of detection signals from the photodetectors 42a 
and 42b. 

[0093] In this case, the arithmetic unit 43 simply out- 
puts the difference between the two light reception sig- 
nals from the photodetectors 42a and 42b as an error 
signal. 

[0094] The cavity length may be changed by using a 
method of translating the second reflector 3, a method 
of changing the driving current supplied to the LD, a 
method of inserting a transparent medium in the exter- 
na) cavity to change the optical path length and chang- 
ing the thickness or refractive index of the medium, or 
the like instead of placing the cavity length changing 
section 24 in the diffraction section 2 as in this case. 
[0095] The omission of the closed loop portion, which 
is used for feedback from the control section 5 to the dif- 
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fraction section 2 on the basis of an error signal from the 
angle detection section 4, from the second embodiment 
amounts to the first embodiment shown in FIG. 1 as the 
embodiment according to the first aspect of the present 
invention described above. 

[0096] In the first embodiment as well, an error signal 
can be extracted as the above angle detection signal 
from the angle detection section 4. By using the error 
signal, therefore, for example, adjustment for wave- 
length and the angle of the diffraction grating and the 
like can be made. 

[0097] The operation of the angle detection section 4 
will be described below with reference to FIGS. 4A to 
4D. 

[0098] FIG. 4 A schematically shows the arrangement 
of the angle detection section 4 and the positions of 
beams therein. 

[0099] FIG. 4B shows the positions of the light-receiv- 
ing areas of the photodetectors 42a and 42b and beams 
and the relationship in magnitude between the wave- 
lengths. 

[0100] As described above, the angle of the optical 
path of light traveling from the diffraction grating and the 
LD changes depending on the relationship in magnitude 
between a selected wavelength Xg and an oscillation 
wavelength X. 

[0101] The beam splitter 41 and the photodetectors 
42a and 42b are arranged in accordance with the posi- 
tional relationship shown in FIG. 4A. In this arrange- 
ment, the arithmetic unit 43 calculates the difference 
between two light reception signals to detect an argu- 
ment. 

[01 02] As shown in FIG. 4B, according to the relation- 
ship between the detection areas of the photodetectors 
42a and 42b and the beams, the photodetectors 42a 
and 42b, each having an effective detection area larger 
than the diameter of each beam, may be arranged such 
that the power of light detected by the two photodetec- 
tors become equal to each other when the oscillation 
wavelength X coincides with the selected wavelength 
Xg, i.e., the laser oscillates at a wavelength at which no 
mode hop easily occurs. 

[0103] If, for example, the actual size of each detection 
area is excessively small as compared with the diame- 
ter of a beam, the diameter of the beam may be 
adjusted by using an appropriate lens or the like. 
[0104] FIG. 4C shows detection signals from the pho- 
todetectors 42a and 42b with respect to the angle, i.e., 
the difference between the selected wavelength Xg and 
the oscillation wavelength X in this arrangement. 
[0105] FIG. 4D shows an output, i.e., an error signal, 
from the arithmetic unit 43 with respect to the difference 
between the selected wavelength Xg and the oscillation 
wavelength X. 

[0106] Assume that the total power of a beam 
traveling toward each photodetector element is con- 
stant. In this case, when the beam moves from the 
center to the left, a detection signal Sa increases with 



an increase in the power of light detected by the left 
photodetector 42a, and a detection signal Sb from the 
right photodetector 42b decreases, as shown in FIG. 
4C. 

5 [0107] In this case, therefore, an error signal like the 
one shown in FIG. 4D can be obtained by calculating 
the difference (Sb - Sa) of the two detection signals 
using the arithmetic unit 43. 

[01 08] Note that variations in the total power of beam 
w traveling toward each photodetector can be eliminated 
by calculating (Sb - Sa)/(Sb + Sa) using the arithmetic 
unit 43. 

[01 09] The discrimination sensitivity of the above error 
signal will be considered with reference to FIG. 5A to 
15 5D. 

[0110] Assume that the beam is a Gaussian beam. 
Consider a bisection photodetector that is sufficiently 
larger than the diameter of the beam. 
[01 1 1 ] FIG. 5B shows the intensity distribution of the 
20 Gaussian beam. The abscissa takes the beam radius 
as a unit. 

[0112] This beam radius is defined by the following 
two values: the distance at which the intensity 
decreases to 1/e (e is a natural logarithm) of the inten- 
ds sity at the center of the beam; and the distance (half 
width at half maximum) at which the intensity decreases 
to 1/2 the intensity at the center of the beam. 
[01 1 3] FIGS. 5C and 5D show examples of the shape 
of the light-receiving area of the bisection photodetec- 
30 tor. FIG. 5C shows a case wherein there is no space 
between the two light-receiving areas which are virtually 
divided. FIG. 5D shows a case wherein the space is 
equal to the beam radius defined by the intensity 1/e of 
the beam. 

35 [01 14] The circles in FIGS. 5C and 5D are drawn with 
the beam radius defined by the intensity 1/e of the 
beam, indicating the relationship between the width of 
the space and the diameter of the beam. 
[01 1 5] FIG. 5A shows discrimination signals Sb - Sa, 

40 when the input power is 1 . Referring to FIG. 5A, the 
solid line represents the signal obtained in the case 
shown in FIG. 5C; and the dashed line, the signal 
obtained in the case shown in FIG. 5D. The origin of the 
abscissa corresponds to a case wherein the center of a 

45 beam is located on the division line. 

[0116] The slope of this solid line near the origin in 
FIG. 5A, i.e.. the discrimination sens^vity on a beam 
radius basis, is about 0.94 ( 2(log2/7c) ) t provided that 
the half width at half maximum (HWHM) indicated on 

so the abscissa is regarded as a unit. 

[0117] In practice, this slope is made moderate in 
accordance with the space between the light-receiving 
areas. Even with a space equal to the beam radius, a 
slope of about 0.8 can be obtained near the origin, as 

55 indicated by the dashed line. 

[01 18] In this case, since the diameter of a beam input 
on each photodetector can be arbitrarily changed by a 
lens or the like, if the diameter is set in accordance with 



7 



13 



EP0 951 112 A2 



14 



the shape of each light-receiving area, a decrease in 
discrimination sensitivity due to this space poses no 
problem. 

[0119] The wavelength resolution of the diffraction 
grating is a wavelength change amount in a case 
wherein the diffraction direction shifts by the half width 
at half maximum of the beam. 
[0120] If, therefore, the difference between an oscilla- 
tion wavelength and a selected wavelength is 1/10 the 
resolution of the diffraction grating, the discrimination 
signal has a sensitivity of about 0.08, which corre- 
sponds to about 8% on the full scale ("0" to "1" on the 
ordinate in FIG. 5A). This discrimination sensitivity is 
sufficiently high. 

[0121 ] In the Liftman mounting widely used in external 
cavity lasers using LDs, the ratio between the resolution 
of the diffraction grating and the FSR of the cavity is 
about 5 or less. 

[01 22] Effective control for this arrangement demands 
a discrimination sensitivity high enough to detect the dif- 
ference between the oscillation wavelength X and the 
selected wavelength Xg with about 1/10 the resolution of 
the diffraction grating. 

[0123] The value of the above error signal indicates 
that a signal that can be satisfactorily discriminated in 
observation with a low S/N ratio can be obtained. 
[0124] In the case shown in FIG. 4A, initial adjustment 
is preferably made for the positions of the photodetec- 
tors to make two light reception signals as equal to each 
other as possible under a condition in which a mode hop 
is hard to occur. In the present invention, however, even 
if positional adjustment for the photodetectors is imper- 
fect or their positions change over time, electrical 
processing of obtaining an error signal from detection 
signals can compensate for such a situation. 
[0125] In calculating Sb - g • Sa using the arithmetic 
unit 43, changing a coefficient g positively and nega- 
tively almost amounts to simultaneously moving the 
photodetectors 42a and 42b to the right and left. 
[0126] There is therefore no need to make mechanical 
adjustment for the photodetector portions upon uncov- 
ering and dismantling it. 

[0127] Various arrangements other than the arrange- 
ment for splitting a diffracted beam and receiving the 
divided beams as shown in FIG. 4A are conceivable in 
association with the positions of the photodetectors 42a 
and 42b. 

[0128] FIG. 6 shows an example of such arrange- 
ments. 

[0129] More specifically, in this arrangement, light split 
by the beam splitter 41 is further split by a second beam 
splitter 44, and light-shielding plates 45a and 45b are 
disposed in the two optical paths formed upon splitting 
to allow the photodetectors 42a and 42b to receive 
beams from these optical paths. 
[0130] If halves of the respective beams are respec- 
tively blocked by the light-shielding plates 45a and 45b, 
this arrangement becomes equivalent to the arrange- 



ment in FIG. 4A. 

[0131] Assume that the light-shielding plate 45a is 
omitted. In this case, if, for example, the branch ratio of 
the second beam splitter 44 is 1 : 1, an error signal 

5 equivalent to the one shown in FIG. 4 A can be obtained 
by calculating Sb - Sa/2 on the basis of the detection 
signals Sa and Sb using the arithmetic unit 43. 
[01 32] In this case, even if the total power of light cor- 
responding to Sa changes, an error signal can be pre- 

10 vented from being affected by this change. 

[01 33] Alternatively, since the photodetector 42a out- 
puts the detection signal Sa proportional to the total 
power of light split by the beam splitter 41 , if the injec- 
tion current to the LD to keep the signal Sa at a prede- 

15 termined value SO, the arithmetic unit 43 may be 
designed to detect only the detection signal Sb to calcu- 
late Sb - SO/2 . 

[01 34] In addition, the positions of the photodetectors 
42a and 42b may be shifted from the centers of the 

20 respective beams to make halves of the beams strike 
the effective light-receiving areas without using the light- 
shielding plates 45a and 45b. 
[0135] Since this embodiment is premised on feed- 
back control, the two photodetectors are used to sim- 

25 plify the processing for the generation of an error signal 
from observation signals. However, the present inven- 
tion may use a method of detecting the barycentric 
movement of the intensity distribution of a beam by 
using a CCD (Charge-Coupled Device) array or the like 

30 for one- or two-dimensionally detecting the intensity dis- 
tribution of the beam or a method of using an element 
for converting the position of an irradiation point into an 
electrical resistance. 

[01 36] Note that a method of detecting light split by the 
35 beam splitter 41 in FIG. 4A, i.e., light traveling from the 
LD to the diffraction grating or output light, and using the 
optical power and one of the photodetectors 42a and 
42b in FIG. 4A and a method of using only one of the 
photodetectors 42a and 42b in FIG. 4A are theoretically 
40 conceivable. In these methods, however, variations in 
diffraction efficiency and total power tend to affect an 
error signal. 

[0137] Furthermore, the beam splitter 41 may not be 
used, and the photodetectors 42a and 42b may be 

45 inserted in parts of beams in the external cavity. In this 
case, however, the intensity distribution of each beam 
may be disturbed to decrease the resolution of the dif- 
fraction grating or stray light may be fed back to the LD 
to result in unstable oscillation. 

so [01 38] In feedback control, either or both of the cavity 
length and selected wavelength may be controlled. In 
general, however, the cavity length is set as an object 
for the following reason. 

[0139] The oscillation wavelength exists in the 
55 selected wavelength range, and a plurality of resonance 
wavelengths exist. In an application designed to oscil- 
late near a predetermined wavelength, it is natural that 
a selected wavelength is set, and the resonance wave- 
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length is made to follow the selected wavelength. 
[0140] When a given oscillation wavelength is to be 
changed greatly and discontinuous!* it is difficult to 
quickly change the wavelength by using the method of 
making the selected wavelength follow the resonance 5 
wavelength. 

[0141 ] In many cases, means for changing resonance 
and selected wavelengths are realized by using 
mechanical displacement. However, some limitations 
are imposed on the maximum displacement and dis- 10 
placement resolution of each changing means to be 
used. 

[0142] If, therefore, selected wavelength follow-up 
method is easier to perform, the selected wavelength 
may be set as a control object. 15 
[0143] Since the present invention can be imple- 
mented by the same concept regardless of the control 
objects, only the embodiments using the cavity length 
as a control object will be described later. 

20 

(Third Embodiment) 

[0144] Since the embodiments according to the first 
and second aspects of the present invention described 
above are the same except for execution/inexecution of 
closed loop feedback control from the angle detection 
section 4, the embodiments according to the second 
aspect of the present invention will be described below. 
[0145] FIG. 7 is a block diagram showing a tunable 
laser source apparatus according to the third embodi- 
ment of the present invention. 
[0146] In this embodiment, an angle detection section 
4 is added to an external cavity laser using a diffraction 
grating based on the Littrow mounting, and an arrange- 
ment for closed loop feedback control is used. 
[0147] As shown in FIG. 7, an optical amplification 
section 1 includes an LD 1 1 , a current source 12, and a 
lens 13b. 

[0148] One laser output end facet 1 1 b of the LD 1 1 is 
covered with an AR coating, and the other laser output 
end facet 1 1a is used as a second reflector 3. 
[0149] The LD 1 1 is driven by the current source 1 2. 
[0150] The lens 1 3b collimates divergent light emerg- 
ing from the end facet 11b covered with the AR coating 
and makes the light strike a diffraction section 2. 
[0151] This diffraction section 2 includes a diffraction 
grating 21 positioned according to the Littrow mounting 
and also serving as a first reflector 22 and a mechanism 
(a selected wavelength changing section 23 and a cav- 
ity length changing section 24) for rotating and translat- 
ing the diffraction grating 21 . 
[01 52] The angle detection section 4 includes a beam 
splitter 41, a lens 46, photodetectors 42a and 42b, and 
an arithmetic unit 43. 

[0153] The beam splitter 41 is disposed between the 
end facet 1 1 b of the LD 1 1 , which is covered with the AR 
coating, and the diffraction section 2 to split part of light 
traveling from the diffraction section 2 to the LD 1 1 . 



[01 54] The lens 46 focuses the light split by the beam 
splitter 41. 

[0155] In this embodiment, since collimated light is 
input on the lens 46, the diameter of the beam emerging 
from the lens 46 is minimized near the focal point. 
[01 56] The photodetectors 42a and 42b are disposed 
near the focal position of the lens 46 to respectively 
detect the powers of right and left halves of the beam 
demultiplexed by the beam splitter 41 at an oscillation 
wavelength at which no mode hop easily occurs. 
[01 57] The arithmetic unit 43 is a differential amplifier 
that detects signals from the photodetectors 42a and 
42b and outputs the difference between the signals as 
an error signal. 

[01 58] The control section 5 sets the current source 
12 and the diffraction section 2 in predetermined opera- 
tion conditions on the basis of an external wavelength 
setting signal, and also controls the diffraction section 2 
upon reception of the error signal output from the angle 
detection section 4. 

[0159] Laser oscillation occurs at one resonance 
mode wavelength in the selected wavelength range on 
the basis of the cavity length of an external cavity 
formed between the output end facet 1 1a of the LD 1 1 
and the diffraction grating 21 of the diffraction section 2. 
[01 60] Light fed back from the diffraction section 2 to 
the LD 1 1 is partly split by the beam splitter 41 in this 
external cavity, and the power of almost right and left 
halves of the split beam are received by the photodetec- 
tors 42a and 42b to be converted into electrical signals. 
[0161] The two signals obtained in this manner are 
input to the arithmetic unit 43, in which the difference 
between the signals is calculated and converted into a 
signal almost proportional to the angle defined by the 
optical path of light traveling from the LD 1 1 to the dif- 
fraction section 2 and the optical path of light traveling 
from the diffraction section 2 to the LD 1 1 . 
[01 62] This signal represents the difference between 
the oscillation wavelength and the selected wavelength, 
and includes information which wavelength is 
large/small. 

[0163] The control section 5 feeds back this signal to 
the cavity length changing section (diffraction grating 
translating mechanism) 24 to close the control loop. As 
a result, the oscillation wavelength follows the selected 
wavelength. 

[0164] In this case, since the two detection areas of 
the photodetectors 42a and 42b are preferably close to 
each other, this embodiment uses a photodiode having 
bisection light-receiving areas. 
[0165] In this embodiment, the lens 46 is prepared, 
and the photodetectors 42a and 42b are disposed near 
the focal position of the lens 46 to maximize the discrim- 
ination sensitivity of the angle detection section 4 and 
shorten the distance from the beam splitter 41 to the 
photodetectors 42a and 42b. 

[0166] in general, when a change in beam angle is to 
be detected from beam displacement on an observation 
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plane, the distance from a portion where an angle 
change occurs to the observation plane is proportional 
to the beam displacement on the observation plane. 
[01 67] As the distance from the beam waist position to 
the observation plane increases, the beam diameter 5 
increases. However, these increases in distance and 
beam diameter do not exhibit a simple proportional rela- 
tionship. 

[0168] In an external cavity laser, since a beam at a 
portion where an angle change occurs is colli mated 
beam, the portion where an angle change occurs can 
be regarded as the same as the beam waist position. 
[0169] At a sufficient distance from the beam waist 
position, the distance to the observation plane and the 
beam diameter are almost proportional to each other. 
Near the beam waist, however, the beam diameter mod- 
erately increases. 

[0170] In measuring a beam displacement on a beam 
radius basis, the greater the distance from the portion 
where an angle change occurs to the observation plane, 
the better. 

[0171] In a numerical example, as for a Gaussian 
beam with a wavelength of 1 .55 urn and a beam radius 
of 1 mm, the far end of the Fresnel zone is about 4 m 
away from the beam waist. 

[0172] In this case, a beam displacement on a beam 
radius basis is about 0.7 (= 1/2 1/2 ) times that at the infin- 
ity, and the observation plane is preferably positioned at 
a distance of 10 m or more from the beam waist. 
[0173] In practice, however, positioning the observa- 
tion plane at such a great distance leads to an increase 
in apparatus size. In addition, the performance of the 
apparatus tends to be affected by vibrations, fluctua- 
tions of air in an optical path, scattering, and the tike. 
[0174] In this embodiment, therefore, a reduced far 
field pattern is formed on the far-focal plane of the lens 
46 to detect the light (on the plane). 
[0175] In the above numeral example, when the 
observation plane is positioned at a distance of 10 m 
from the beam waist, the beam radius is about 2.7 mm, 
and a beam displacement of 1 mm occurs on the obser- 
vation plane with an angle change of 0.1 mrad. 
[0176] The beam displacement on a beam radius 
basis therefore becomes 1/2.7, i.e., nearly 0.37. 
[0177] When a lens having a focal distance of 10 cm 
is used, the beam radius on the focal plane becomes 25 
^m, the beam displacement on the observation plane 
with an angle change of 0.1 mrad becomes 10 urn. 
[0178] The beam displacement on a beam radius 
basis therefore becomes 10/25, i.e., 0.4. 
[0179] As is obvious from a comparison between 
these numerical examples, the best discrimination sen- 
sitivity can be obtained with the shortest distance by 
using the lens. 

[0180] Furthermore, the lens 46 is used to match the 
diameter of a beam with the sizes of the light-receiving 
areas of the photodetectors 42a and 42b or the space 
therebetween. 



[01 81 ] In addition, since oscillation becomes unstable 
when light reflected by the areas of the photodetectors 
42a and 42b returns to the laser resonator, optical isola- 
tors may be inserted in the optical paths formed upon 
split by the beam splitter 41. 

[01 82] In this case, the lens 46 can be effectively used 
to facilitate the insertion of the optical isolators. 
[0183] In general, the radius of a beam traveling 
toward the diffraction grating 21 is set to several mm to 
increase the wavelength resolution of the diffraction 
grating 21. 

[0184] Many commercial available photodetectors and 
optical isolators have effective diameters of 2 mm or 
less. 

[0185] By thinning a beam using a lens, therefore, a 
deterioration in discrimination sensitivity due to an inap- 
propriate beam diameter and vignetting by optical isola- 
tors can be prevented. 

[0186] In this embodiment, for the sake of descriptive 
convenience, one convex lens is used. However, a plu- 
rality of lenses and spherical mirrors can be used in 
combination. Such an arrangement is effective when 
beam diameter adjustment is required. 

(Fourth Embodiment) 

[01 87] FIG. 8 is a block diagram showing the arrange- 
ment of a tunable laser source apparatus according to 
the fourth embodiment of the present invention. 
[0188] In this embodiment, an angle detection section 
4 is added to an external cavity laser using a diffraction 
grating and mirror based on a Littman mounting 
because of (realizing) feedback control. 
[0189] More specifically, as shown in FIG. 8, light input 
from an optical amplification section 1 onto a diffraction 
grating 21 is diffracted once, diffracted light (other than 
Oth-order diffracted light) is reflected by a mirror 22 as a 
first reflector, the reflected light is input on the diffraction 
grating 21 again, and the diffracted light is fed back to 
the optical amplification section 1. 
[01 90] Laser oscillation therefore occurs between one 
end facet 1 1a of an LD 1 1 , which is a second reflector 3, 
the optical amplification section 1 , the diffraction grating 
21, and the mirror 22. 

[0191] Such an arrangement is called a Littman 
mounting. 

[01 92] In the external cavity laser using the diffraction 
grating and mirror based on the Littman mounting, the 
selected wavelength can be changed by rotating the 
mirror 22, and the resonance wavelength can be 
changed by translating the mirror 22. 
[0193] The arrangement and operation of a control 
section 5 are the same as those in the third embodiment 
except that the mirror 22 is controlled, and low- and 
high-frequency component control signals are respec- 
tively fed back to a cavity length changing section 24 
and a current source 12. 

[0194] Since the LD has the property of changing its 
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internal refractive index depending on a current flowing 
in the active region or the phase control region, the cav- 
ity length of the external cavity can be changed by 
changing the driving current. 

[0195] The cavity length is therefore determined by a 
control signal to the cavity length changing section 24 
and a driving current from the current source 12 to the 
LD 11. 

[0196] With the cavity in this embodiment, a high 
wavelength selectivity can be easily attained from the 
diffraction grating as compared with a cavity based on 
the Littrow mounting as in the third embodiment. 
[01 97] In this embodiment, therefore, since the diffrac- 
tion angle greatly changes with a slight change in oscil- 
lation wavelength, the oscillation wavelength 
discrimination sensitivity improves. This can prevent a 
mode hop more reliably. 

[0198] In addition, according to this embodiment, the 
cavity length of the external cavity can be quickly con- 
trolled by feeding back the high-frequency component 
of a control signal as an injection current to the LD. 
[0199] This embodiment can therefore prevent a 
mode hop due to an external disturbance of a high-fre- 
quency component that cannot be mechanically fol- 
lowed up, such as a mode hop due to vibrations. 
[0200] When a wavelength sweep is to be performed, 
the resonance wavelength must change following a 
sweep of the selected wavelength. As described above, 
by using current feedback to the LD, since this follow-up 
speed is high, a high wavelength follow-up speed can 
be set. 

[0201] According to the first aspect of the present 
invention, since the means for detecting the difference 
between the oscillation wavelength and the selected 
wavelength, which is a cause of a mode hop, is provided 
for the external cavity laser in the above manner, a tun- 
able laser source apparatus that allows easy and sys- 
tematic adjustment for the prevention of a mode hop 
near a desired wavelength can be realized. 
[0202] According to the second aspect of the present 
invention, a tunable laser source apparatus that can 
perform continuous wavelength sweeping in the entire 
oscillation band of an optical amplifier to be used, has 
high resistance to external disturbances and changes 
over time, and stably operates for a long period of time 
without adjustment can be realized by using the closed 
loop control method of preventing a mode hop in an 
external cavity laser by using a means for detecting the 
difference between the oscillation wavelength and the 
selected wavelength, which is a cause of the mode hop, 
and a means for performing feedback control to make 
the oscillation wavelength and the selected wavelength 
coincide with each other on the basis of the detection 
signal. 

[0203] Furthermore, if feedback control is made for 
the tunable laser source apparatus of the present inven- 
tion to correct a wavelength setting signal upon compar- 
ison with an externally set wavelength reference, a high 



wavelength accuracy can be easily obtained, which 
cannot be obtained by the tunable laser source appara- 
tus of the present invention alone. 
[0204] Such a secondary advantage can be obtained 
5 because the present invention improves controllability 
for an external wavelength setting signal. 
[0205] Such a use application demands prevention of 
a mode hop as a premise. 

[0206] Accordi ng to the present invention described in 
10 detail above, therefore, there is provided a tunable laser 
source apparatus which includes an effective means for 
detecting the difference between the oscillation wave- 
length and the selected wavelength, which causes a 
mode hop, together with a sign, and can make system- 
15 atic adjustment for the prevention of a mode hop inde- 
pendently of a trial-and-error method. 
[0207] In addition, according to the present invention, 
there is provided a tunable laser source apparatus 
which can prevent a mode hop, continuously sweep the 
20 oscillation wavelength near a desired wavelength in the 
entire oscillation band of an optical amplification ele- 
ment, and has a long-term stability without adjustment. 

Claims 

25 

1. A tunable laser source apparatus characterized by 
comprising: 

a semiconductor laser (1 1) for oscillating laser 
30 light; 

diffraction means (2) for diffracting the laser 
light oscillated by said semiconductor laser 
(11) and feeding back part, of diffracted laser 
light, which has a predetermined wavelength to 
35 said semiconductor laser (11); and 

angle detection means (4) for detecting the 
part of the diffracted laser light fed back to said 
semiconductor laser and detecting an angle 
defined by an optical path of the diffracted laser 
40 light fed back to said semiconductor laser and 

an optical path of the laser light oscillated by 
said semiconductor laser. 

2. An apparatus according to claim 1 , characterized in 
45 that said diffraction means (2) comprises a diffrac- 
tion grating (21) for diffracting the laser light oscil- 
lated by said semiconductor laser (1 1) and feeding 
back part of diffracted laser light, which has a pre- 
determined wavelength to said semiconductor laser 

so (11), and driving means (23, 24) for driving said dif- 
fraction grating (21) or a reflector (22) disposed 
opposing said diffraction grating (21), 

said angle detection means (4) comprises a 
55 beam splitter (41) for splitting the part of the dif- 

fracted laser light fed back from said diffraction 
grating (21) to said semiconductor laser (1 1), a 
photodetector (42a, 42b) for detecting laser 
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light split by said beam splitter (41), and an 
arithmetic unit (43) for detecting an angle of the 
optical path of the laser light fed back to said 
semiconductor laser (11) with reference to the 
optical path of the laser light oscillated by said 5 
semiconductor laser (11) based on detection 
signals from said photodetector (42a, 42b), and 
said tunable laser source apparatus further 
comprises 

a current source (12) for driving said semicon- 10 
ductor laser (11), and 

a control section (5) for setting said current 
source and said driving means (23, 24) of said 
diffraction means (2) in a predetermined opera- 
tion condition based on an external wavelength 15 
setting signal. 

An apparatus according to claim 2, characterized in 
that said angle detection means (4) comprises a 
lens (46) for focusing the laser light split by said 20 
beam splitter (41). 



4. An apparatus according to claim 3, characterized in 
that said photodetector (42a, 42b) comprises a pair 
of photodetection elements (42a, 42b) disposed 
near a focal position of said lens (46) to respectively 
detect power of right and left halves of the laser 
light split by said beam splitter (41) at an oscillation 
wavelength at which a mode hop is hard to occur. 

5. An apparatus according to claim 4, characterized in 
that said diffraction means (2) comprises a selected 
wavelength changing section (23) and cavity length 
changing section (24) serving as said driving 
means (23, 24) to rotate and translate said diffrac- 
tion grating (21), and is arranged according to a Lit- 
trow mounting in which said diffraction grating (21) 
also serves as said reflector (22), and 
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30 
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said control section (5) sets said current source 40 
(12) and said selected wavelength changing 
section (23) of said diffraction means (2) in a 
predetermined operation condition based on 
the external wavelength setting signal, 
thereby causing laser oscillation in one reso- 45 
nance mode in a selected wavelength range 
based on a cavity length of an external cavity 
formed between said diffraction grating (21) 9. 
and the other end facet of said semiconductor 
laser (1 1) which is covered with no AR coating, so 

6. An apparatus according to claim 4, characterized in 
that said pair of photodetection elements (42a, 42b) 
comprise a photodiode having two divided light- 
receiving areas. ss 

7. An apparatus according to daim 4, characterized in 
that said diffraction means comprises a selected 



wavelength changing section (23) and cavity length 
changing section (24) serving as said driving 
means (23, 24) to rotate and translate a reflector 
(22) disposed opposing said diffraction grating (21), 
and is arranged according to a Liftman mounting in 
which light input on said diffraction grating (21) is 
diffracted once, diffracted light other than Oth-order 
diffracted light is reflected by said reflector (22) to 
be input on said diffraction grating (21), and the dif- 
fracted light is fed back to said semiconductor laser 
(11), and 

said control section (5) sets said current source 
(12) and said selected wavelength changing 
section (23) of said diffraction means (2) in a 
predetermined operation condition based on 
the external wavelength setting signal, 
thereby causing laser oscillation in one reso- 
nance mode in a selected wavelength range 
based on a cavity length of an external cavity 
formed between said diffraction grating (21) 
and the other end facet of said semiconductor 
laser (11) which is covered with no AR coating. 

A tunable laser source apparatus including an 
external cavity having a semiconductor laser (11) 
having at least one laser output end facet covered 
with an AR coating and diffraction means (2) includ- 
ing a reflector (22) and a diffraction grating (21 ) and 
having wavelength selectivity with which light 
emerging from the end facet of said semiconductor 
laser (1 1) which is covered with the AR coating is 
received and light having a predetermined wave- 
length is selected and reflected toward said semi- 
conductor laser (11), characterized by comprising: 

angle detection means (4) for detecting an 
angle defined by an optical path of the light 
emitted by said semiconductor laser (11) and 
an optical path of the diffracted light reflected 
by said diffraction means (2); and 
a control section (5) for controlling at least one 
of a cavity length of said external cavity and a 
wavelength selected by said diffraction means 
(2) so as to set the angle detected by said 
angle detection means (4) to zero. 

An apparatus according to claim 8, characterized in 
that said tunable laser source apparatus further 
comprises a current source (12) for driving said 
semiconductor laser (11), 

said diffraction means (2) comprises a diffrac- 
tion grating (21) for diffracting laser light oscil- 
lated by said semiconductor laser and feeding 
back laser light, of the diffracted laser light, 
which has a predetermined wavelength to said 
semiconductor laser (11), and driving means 
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(23, 24) for driving said diffraction grating (21) 
or a reflector (22) disposed opposing said dif- 
fraction grating (21), 

said angle detection means (4) comprises a 
beam splitter (41) for splitting part of the laser s 
light fed back from said diffraction grating (21) 
to said semiconductor laser (1 1), a photodetec- 
tor (42a, 42b) for detecting the laser light split 
by said beam splitter (41), and an arithmetic 
unit (43) for detecting an angle of an optical io 
path of the laser light fed back to said semicon- 
ductor laser (11) with reference to an optical 
path of the laser light oscillated by said semi- 
conductor laser (11) based on a detection sig- 
nal from said photodetector (42a, 42b), and 15 
said control section (5) sets said current source 
(1 2) and said driving means (23, 24) of said dif- 
fraction means (2) in a predetermined opera- 
tion condition based on an external wavelength 
setting signal, and controls at least said driving 20 
means (23, 24) of said diffraction means (2) 
based on an angle detection signal output from 
said arithmetic unit (43) of said angle detection 
means. 

25 

10. An apparatus according to claim 9. characterized in 
that said angle detection means (4) comprises a 
lens (46) for focusing the laser light split by said 
beam splitter (41). 

30 

11. An apparatus according to claim 10, characterized 
in that said photodetector (42a, 42b) comprises a 
pair of photodetection elements (42a, 42b) dis- 
posed near a focal position of said lens (46) to 
respectively detect powers of right and left halves of 35 
the laser light split by said beam splitter (41) at an 
oscillation wavelength at which a mode hop is hard 
to occur. 

12. An apparatus according to claim 1 1 , characterized 40 
in that said diffraction means (2) comprises a 
selected wavelength changing section (23) and 
cavity length changing section (24) serving as said 
driving means (23, 24) to rotate and translate said 
diffraction grating (21), and is arranged according 45 
to a Littrow mounting in which said diffraction grat- 
ing (21) also serves as said reflector (23), and 

said control section (5) sets said current source 
(12) and said selected wavelength changing so 
section (23) of said diffraction means (2) in a 
predetermined operation condition based on 
the external wavelength setting signal, and per- 
forms closed loop feedback control for at least 
said cavity length changing section (24) of said 55 
diffraction means (2) based on an angle detect- 
ing signal output from said arithmetic unit (43) 
of said angle detection means (4), 
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thereby causing laser oscillation in one reso- 
nance mode in a selected wavelength range 
based on a cavity length of an external cavity 
formed between said diffraction grating (21) 
and the other end facet of said semiconductor 
laser (1 1) which is covered with no AR coating. 

1 3. An apparatus according to claim 1 1 , characterized 
in that said pair of photodetection elements (42a, 
42b) comprise a photodiode having bisection light- 
receiving areas. 

14. An apparatus according to claim 11, characterized 
in that said diffraction means (2) comprises a 
selected wavelength changing section (23) and 
cavity length changing section (24) serving as said 
driving means (2) to rotate and translate a reflector 
(22) disposed opposing said diffraction grating (21), 
and is arranged according to a Liftman mounting in 
which light input on said diffraction grating (21) is 
diffracted once, diffracted light other than Oth-order 
diffracted light is reflected by said reflector (22) to 
be input on said diffraction grating (21), and the dif- 
fracted light is fed back to said semiconductor laser 
(11). 

said control section (5) sets said current source 
(12) and said selected wavelength changing 
section (23) of said diffraction means (2) in a 
predetermined operation condition based on 
the external wavelength setting signal, feeds 
back, to said cavity length changing section 
(24) of said diffraction means (2), a control sig- 
nal of a low-frequency component of an angle 
detection signal output from said arithmetic unit 
(43) of said angle detection means (4) based 
on the angle detection signal. 

15. An apparatus according to claim 14, characterized 
in that said control section (5) performs closed loop 
feedback control by feeding back the control signal 
of the high-frequency component to said current 
source (12), 

thereby causing laser oscillation in one reso- 
nance mode in a selected wavelength range 
based on a cavity length of an external cavity 
formed between said diffraction grating (21) 
and the other end facet of said semiconductor 
laser (1 1) which is covered with no AR coating. 
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